Loss of productivity is a major concern among patients with heart disease. To assess the effect of surgery on this factor, we surveyed every living male patient of the surgeon authors operated on from January 1968 through March 1978 (96% follow-up) and compared their pre-and postoperative work status with the U.S. population as reported by the U.S. Bureau of Labor Statistics (USBLS). Comparisons were made on an age-for-age basis and adjustments were made for changes in national employment patterns from 1968-1978. Preoperatively, our younger patients had a 10% lower employment rate than the U.S. male population at large according to the USBLS. Postoperatively, many returned to work, but an equal number who worked preoperatively did not postoperatively. The ability to work full time with little or no limitation increased 20% after operation. The main reason for not working was physical disability, with doctor's advice a distant second. Older patients showed a trend of accelerated retirement after surgery. A few returned to work, but many more retired. The ability to work full-time without limitation increased 4%. Thirty percent of all older subjects cited a desire to relax as their main reason for not working. Compared with the early years of surgery, patients in later years were older and did not show as much preoperative disability. There was some evidence of a deterioration of the effects of surgery. Patients with severely impaired left ventricular function fared worse both pre-and postoperatively, but the improvement was the same as for patients with normal or moderately impaired left ventricular function.
SUMMARY Loss of productivity is a major concern among patients with heart disease. To assess the effect of surgery on this factor, we surveyed every living male patient of the surgeon authors operated on from January 1968 through March 1978 (96% follow-up) and compared their pre-and postoperative work status with the U.S. population as reported by the U.S. Bureau of Labor Statistics (USBLS). Comparisons were made on an age-for-age basis and adjustments were made for changes in national employment patterns from 1968-1978. Preoperatively, our younger patients had a 10% lower employment rate than the U.S. male population at large according to the USBLS. Postoperatively, many returned to work, but an equal number who worked preoperatively did not postoperatively. The ability to work full time with little or no limitation increased 20% after operation. The main reason for not working was physical disability, with doctor's advice a distant second. Older patients showed a trend of accelerated retirement after surgery. A few returned to work, but many more retired. The ability to work full-time without limitation increased 4%. Thirty percent of all older subjects cited a desire to relax as their main reason for not working. Compared with the early years of surgery, patients in later years were older and did not show as much preoperative disability. There was some evidence of a deterioration of the effects of surgery. Patients with severely impaired left ventricular function fared worse both pre-and postoperatively, but the improvement was the same as for patients with normal or moderately impaired left ventricular function.
LOSS OF PRODUCTIVITY is the dominant economic factor associated with coronary artery disease. For the typical male with coronary artery disease, 1 year's earnings frequently exceed the direct cost of revascularization surgery. We have investigated the work status of all 2812 males who underwent coronary artery surgery from January 1968 , through March 1978 . No patient has been excluded. The purpose of the study is to compare the pre-and postoperative employment characteristics of our entire male patient population with the employment characteristics of a sampling of the United States population compiled by the United States Bureau of Labor Statistics (USBLS). We have not compared our patients with a similarly diseased population that underwent a different form of treatment. Rather, we compared our entire surgical experience with a standardthe U.S. population.
Methods
In November 1978, all living patients operated on for coronary artery disease by the surgeon authors were mailed a questionnaire. They were asked to describe their work status as: working normally with little or no limitation, working but with some limitations, or not working or retired. They were asked to describe their work status both before their heart surgery and on the date of the survey. We also asked, "If From the Milwaukee Heart Surgery Associates, Milwaukee, Wisconsin. January 1979, nonresponders were sent a follow-up questionnaire. Nonresponders to the second questionnaire were then contacted by telephone during February through April 1979. In May 1979, the survey was terminated.
This report does not include the data on women because: (1) Their age distribution and work patterns are so different from those of men that they would have to be handled separately. (2) They constitute only 16% of our entire patient population. (3) The USBLS counts only employment for pay, which excludes homemaking. This further reduces the number of usable women subjects to the point where the group and subgroup sizes would be too small for analysis.
The USBLS data used for comparison are those for white males because our surgical population contains far fewer nonwhites than the general U.S. population. Figure 1 shows the effect of age and time on participation in the U.S. labor force as reported by USBLS. (Participation in the U.S. labor force is defined as persons employed plus those classified as unemployed expressed as a percent of all persons in the sample. A more precise and detailed explanation is given in the Handbook of Labor Statistics.') In general, participation in the labor force represents the percentage of employed and employable persons. The percentage of persons working is obtained by multiplying the participation in the labor force by the employment rate. The employment rate for white males older than age 40 years is higher than the entire U.S. population and varies from 96-98.5% for the period of this study. Because of this high employment rate, the distinction be- tween "'participation in the labor force" and "persons working" need only be made for precise comparisons. Where the distinction is appropriate, we make it; where it is not, we ignore it. Figure 1 demonstrates the slight falloff in employment for the 40-and early-50year-old age groups and the very sharp dropoff in the late 50-and 60-year-old age groups. White males leave the labor force at a very slow rate before age 55 years and much more rapidly thereafter. Surprisingly, these patterns changed from 1968 to 1978. In 1978, many more white males were leaving the work force at age 50 years and older than were in 1968. This migration from the work force has been investigated2-4 and is attributed mainly to early voluntary retirement.
Clinical Material
The study group consisted of 2812 male patients operated January 1968 through March 1978; 456 (16.2%) were known to be dead in early 1979, leaving 2354 potential survivors. Of these, 127 (5.4%) were either lost or refused to answer questions, leaving 2229 responders, the subjects of this report. The study series was then divided into groups and subgroups by age and date of surgery (table 1) . For brevity and clarity, we present all other data by percentages only, but the number of subjects in any group can be determined by referring to table 1. In our terminology, a group contains subjects classified by age or date of surgery. A subgroup contains subjects classified by age and date of surgery. Table 2 shows the percent follow-up for all groups, which is uniformly good throughout the years of surgery. Only the youngest age groups show a slightly lower follow-up, probably because of higher mobility.
Results

Work Status Before Operation and at Survey Date Compared with USBLS Data
Because of the marked effect of age on employment status, we made all comparisons on an age-for-age basis. Preoperative data are grouped by age at surgery, and postoperative data by age of survey. Our subject subgroup sizes are too small to be analyzed separately; therefore, we have regrouped them by age and date of surgery. For each age group and each date-of-surgery group, we calculated a USBLS weighted average as follows: The number of subjects in each subgroup was multiplied by the USBLS percent of white males working for that age and year using the data in figure 1. These "expected workers" were then summed within the group and divided by the total number of subjects in the group to give a weighted average. Figure 2 shows the comparison broken down by age. If disability is defined as the difference between our subjects and the USBLS weighted average, the younger groups have the highest preoperative disability, and there is little change postoperatively. For the 60-64-year-old group, there was no disability preoperatively and moderate disability at the survey date. The 65-69-year-old group contained far more subjects who were working preoperatively than USBLS, but at the survey date, the percentage was about the same as that from the USBLS. The patients who were 70 years of age or ted Average mnt Working older had a much higher employment rate both preand postoperatively than the USBLS rate, but this is at least partly because particularly preoperatively, they have a lower median age than the USBLS subjects older than 70 years. Figure 3 shows the same data broken down by year of surgery. The amount of preoperative disability as defined above decreased markedly from 1968-1978. The improvement in disability shows no trends. The best years were 1968-1969 and 1971. The poorest years were 1970 and 1975. These data show no recognizable trends that indicate that the effects of surgery deteriorate with time, except the effect of aging.
Quality of Ability to Work
In addition to simply asking the patients if they were working, we asked them if they were "working normally with little or no limitation" or "'working, but with some limitations or at an easier job." No USBLS figures are available for this type of comparison, so we compared only preoperative with survey date work status. Figure 4 demonstrates substantial preoperative partial disability: In all age groups, less than 50% of the patients described themselves as working without limitations. Postoperatively, the younger patients demonstrated remarkable improvement; the older patients remained about the same. This is a somewhat subjective judgment on the part of the patient, but shows a remarkable improvement in the patient's judgment of his ability to work.
Reason For Not Working
We asked patients, "If you are not now working full time at the job of your choice, please indicate the main reason why." Figure 5 shows the results by age at survey. In all groups younger than age 65 years, physical 
70+
Age at survey and surgery disability was the reason cited most often. "Company policy" was an insignificant factor in all age groups, accounting for only 2.6% overall. Doctor's advice was an important factor in the 55-59-and 60-64-year-old groups, cited by 8-12% of patients. After age 65 years, the "desire to relax and enjoy life" became the dominant reason. Up to age 65 years, the three factors not under the patients' controlphysical disability, company policy and doctor's advicesteadily increase with age, but after age 65 years, the desire to enjoy life is the dominant reason. Figure 6 shows the same data broken down by year of surgery. There is only one clear pattern: "Physically not able" increases markedly as time from surgery increases. None of the other answers have a pattern. We might dismiss this observation as due to aging, but this is not the case. Only 2 years of age at survey separate patients operated early vs those operated in later years. This is because the median age at surgery in the early years was 51 years and had in- 2  41  16  47  31  52  43  288 133  51  39  59  47  72  60  383 225  80  60  89  67  101  88  492 381  87  80  89  97  138 124  533 504  45  84  73  85  114 137  359 549  23  38  31  48  52  69  141 311  3  13   7   20  17  25  33 126  330 330  395 395  546 546  2229 2229 creased to 55 years in the later years. Therefore, this effect must be attributed to a deterioration of the effects of surgery, progression of disease, or improvement in the quality of surgery, or probably a combination of all three.
The Effect of Preoperative Resting Left Ventricular Function on Work Status
Our data bank contains left ventricular function (LVF) data on patients operated on after January 1972. Therefore, all data in this section refer to male patients operated on since January 1, 1972. We have divided these patients into two categories of LVF: good ventricles (GV) and bad ventricles (BV). A GV has, at most, one major area (e.g., anterior wall or inferior wall) of distinct hypokinesis or akinesis, or two major areas of moderate or slight hypokinesis. The ejection fraction of a GV is generally greater than 0.35, measured in the right anterior oblique view, at rest, by the method of Dodge. A BV has at least one major area of dyskinesis, two or more areas of distinct hypokinesis or akinesis, or requires resection of at least 6 cm of scar. The ejection fraction is generally less than 0.35. Tables 3 and 4 describe the study group. The BV group contained a larger proportion of nonresponders; we do not know why. Follow-up of the BV group is still more than 91%, compared with more than 95% in the GV group. Other than the difference in follow-up, the only notable difference is that mortality in the GV group is almost six times higher than that in the BV group. Tables 5 and 6 show the comparison of preoperative and survey employment broken down by age, date of surgery and LVF. In the BV group, preoperative employment was lower except among those 65-69 years old. The change in employment with surgery was similar in BV and GV groups and generally followed the pattern of the 1968-1978 group: little or 70to 60. Age at survey no change for the younger patients and a loss for the older ones. The overall amount of change was almost identical in BV and GV groups. There appears to be a deterioration with time after surgery in excess of that attributable to aging alone. In all age groups, there was a general trend of fewer persons working as the time since surgery increased. Tables 7 and 8 show the percentage of patients working "full time with little or no limitations" broken down by age, date of surgery and LVF. Significantly fewer BV patients were in this category preoperatively and at the survey, but the improvement after surgery was about the same in both groups. There does appear to be a trend of fewer patients working with little or no limitation as the time from surgery increases.
The ",main reason for not working full time at job choice" is shown in table 9, broken down by LVF. The BV group has a higher total percentage and this higher total percentage is accounted for by "physically not able" and "doctor's advice." Both of these reasons were cited about twice as often by patients in the BV group as by those in the GV group. Figure 1 shows a fairly sharp "knee" around age 55 years. Portions of the curves up to the age 55 years and over age 55 years are reasonably linear. Before age 55 years, attrition rate from the labor force is about 0.5% per year. After age 55 years, it is about 5.0% per year. If we choose a subgroup younger than age 55 years throughout the study period and assume a constant 0.5% per year attrition rate, analysis becomes greatly simplified. Similarly, we separated those older than 55 years throughout the study period and assumed a constant 5.0% per year attrition rate. Figure 7 shows how 738 male patients younger than 55 years at the survey date changed their employment status over the period of surgery to survey (average 3.8 years). There was essentially no change in total employment; 10.6% of patients not working preopera- 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977-78 Year of surgery - tively were working postoperatively, but this was balanced by 10.3% of patients going the other way. A significant gain was made, however, when 20.7% of patients moved from limited to unlimited ability to work against only 5.3% in the opposite direction; 7.9% went from -no work at all to unlimited employment against only 4. 1% in the opposite direction. Thirty-one percent of patients improved their work status; 53.2% remain unchanged and 15.5% showed a decline. Using the data in figure 1, we would have an expected attrition of 0.5% per year or about 2% over the study period; we observed no change.
Shifts in Employment Patterns
The group of 1065 patients older than 55 years at surgery ( fig. 8) show an entirely different and almost opposite picture; 24.2% went from working to nonworking, but only 5.7% went in the other direction, for an overall loss of 18.5% over the average 3.5 years from surgery to survey. A loss of 14.0% from unlimited work status to no work was balanced by only 3.4% in the other direction. Only 16.1% of patients improved their status; 55.8% remained the same; and
28.0% dropped. During the 3½/2 years from surgery to survey, we would have an expected loss of about 5.0% per year or'17.5%, according to figure 1; we observed a loss of 18.5%.
Discussion
The primary purpose of this study is to compare the work status of our entire population of heart surgery patients with the United States population as published by the USBLS. We have included all of our myocardial revascularization patients. In order to get a high follow-up on all patients, we had to keep the questionnaire short and simple. We never exceed one page typed double-spaced. Because of these limitations, we can examine only very superficially the motivation and reasons for working or not working. This approach has obvious limitations, but eliminates errors produced by any type of sampling. We have no sampling error because we did'not sample. Our errors are caused by subjects answering questions incorrectly and the fact that the 6% lost to follow-up may not be typical of the responders. We would expect that the questions concerning whether or not the patient is working are straightforward, purely objective and, therefore, accurate. The questions on how well'the patient can work and'his reasons for not working are more subjective, but at least they indicate how a patient feels about his ability to work. If we look at our data in their crudest form, there were 1598 patients working preoperatively and 1342 at the survey, a loss of 256 (16%). This alone might indicate that surgery results in a loss of workers; but the data in figure 1 demonstrate an expected loss of 3-5% per year for subjects of comparable age, sex and race. A significant loss is to be expected. In the younger patients, we have observed a lower preoperative' employment rate than the USBLS data. Postoperatively, this does not improve, but it does not get worse. We might conclude that surgery seems to arrest the loss of work- Precise comparison of results between different centers is impossible because of differences in patient populations, methods of measuring employment and methods of analyzing and presenting data. We believe that investigators should try to use techniques and methods of presentation similar to USBLS where possible. This agency is the most reliable and comprehensive source of employment statistics in the United States. By using their reports as models and standards, comparisons can be greatly facilitated.
Symmes et al.5 studied 329 selected patients. Overall, 56.8% were working preoperatively and 70.5% postoperatively, an impressive gain. However, they used an unusual definition of preoperative employment: A patient was considered employed only if his salary had been totally unaffected by his heart disease. This resulted in a very low preoperative employment rate. The postoperative employment rate in this study was unremarkable. Patients were followed 2-60 months (mean 23 months). Russell FIGURE 7. Preoperative to postoperative shifts in employment, 738 male patients younger than age 55 years throughout the study period. The best way to determine where a subgroup shifted is to identify the subgroup by its exact size; e.g., the second subgroup from the top in the left column consists of 39 patients. This group can be found in the right column as thefourth subgroup (the top subgroup of the second group). In the report by Anderson et al.,18 564 male patients were surveyed 1 and 4 years postoperatively. The method of selection of this group is unclear, but it is drawn from a much larger cohort of patients operated during the stated time, 1969 through 1974. In a subgroup of 315 patients younger than 55 years at surgery, 95.9% were working preoperatively. One year later, only 89.8% were working, and 4 years after surgery, 88.9% were working. This group showed a higher preoperative employment rate than the national age-, sex-and race-adjusted average. The attrition rate at 4 years is about what one would expect ( fig. 1 ).
Niles et al.1' reported a net increase of 10% in 105 patients followed an average of 20 months. In this group, the preoperative employment rate was only 50%, which is very low. No other data presented explain this. The postoperative employment rate of 60% is a good increase, but still low compared with other studies.
Love'2 reported on 100 patients followed 6 months to 2 years. Preoperatively, 64% were working; postoperatively, 54%.
Many of these reports investigated factors associated with not working postoperatively. Factors mentioned were age, work status preoperatively, left ventricular function, length of preoperative disability, graft patency, symptom relief and education.
An annotation by Oberman and Kouchoukosls mentioned "doctor's advice" and "company policies" as reasons for not working. Although data are scanty, they reported that many patients may not be working because of medical advice and the reluctance of companies to hire patients back after surgery. Our data tend to discount employers as a significant factor in not returning to work. Only 2.6% of the patients cited this as the primary reason for not working. Doctor's advice, however, was cited by 7.6% of patients as the main reason for not working, and one may assume that it may be an important secondary factory in many other patients' reason for not working. If all physicians advising patients not to work would reverse their advice, many patients might return to work, but mortality might also rise. The advice not to work may, in many cases, be good advice. In patients with good ventricular function and successful bypass surgery, however, this should never be a patient's main reason for not working.
